Objective To estimate the incidence of influenza-virus-associated severe pneumonia among Salvadorian children aged < 5 years.
Introduction
Influenza is a vaccine-preventable disease that annually affects 5% to 10% of the population worldwide. 1 This burden is well documented in upper-income, temperate countries, where influenza surveillance has been conducted for years, and is being increasingly understood in middle-income countries, where surveillance has substantially improved during recent years.
In the United States of America, for example, an annual average of 228 635 hospitalizations for pneumonia and influenza occurred during 1979-2001 and 23 207 deaths were associated with influenza viruses during 1976-2007. 2, 3 In addition, the United States spent an average of 10.4 billion United States dollars annually on the treatment of influenza. 4 Similarly, in highincome and middle-income countries such as Singapore and Thailand, influenza has substantial disease and economic burdens. 5, 6 Less is known about the burden of influenza in low-income countries; however, investments in epidemiology and laboratory capacity as a result of efforts to comply with the 2005 International Health Regulations and prepare for influenza pandemics have yielded data about the circulation and burden of influenza in low-income tropical countries. For example, studies now suggest that the rate of influenza-virus-associated severe acute lower respiratory tract infection is approximately 2 cases per 1000 child-years among children aged < 5 years in low-income countries. 7 National influenza surveillance data from Bangladesh suggest that approximately 67 000 persons are hospitalized annually as a result of influenza virus infection and that the rate of influenza-virus-associated severe acute lower respiratory infection is 1 case per 1000 child-years among children aged < 5 years. [8] [9] [10] Similar findings have been reported in Guatemala, Kenya, Nicaragua, the Philippines, Thailand and Viet Nam. 7, [11] [12] [13] [14] Although data on the influenza burden are useful to guide investments in influenza prevention and control, these data are not available in many tropical countries in Latin formulations for the northern and southern hemispheres during the study period.
Methods

Case identification
The San Juan de Dios Hospital in Santa Ana, the largest public hospital in the western region of El Salvador, was the first sentinel surveillance site for severe acute respiratory infection established in the country. For this study, a case patient with severe pneumonia was defined as a patient aged < 5 years hospitalized with cough or difficulty breathing and at least one danger sign (i.e. chest in-drawing, stridor while calm, convulsions, inability to drink, lethargy, unconsciousness or intractable vomiting). 16, 20 Hospital physicians identified all patients with severe pneumonia and collected demographic and clinical data. Nasal and oropharyngeal swab specimens were collected from a convenience sample of 5 approximately 25% of samples that underwent quality control analysis were further tested using real-time reverse-transcription polymerase chain reaction (qRT-PCR).
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A convenience sample of influenza-virus-positive specimens was sent to the CDC (Atlanta, United States) every six months for antigenic characterization. There, influenza viruses were isolated in Madin-Darby canine kidney cells and underwent haemagglutination inhibition testing using post-infection ferret antisera. 22 Antigenic characteristics of the virus isolates were reported to the National Influenza Centre by the CDC's Influenza Division each year. We classified strains as dominant if they accounted for at least 70% of influenza virus isolates during a particular year and as co-dominant if they accounted for at least 40% but less than 70% (< 70%) of isolates. 23 To determine whether the influenza vaccine formulation used in El Salvador during the study period matched the circulating influenza virus strains,
we compared these strains with those used to prepare influenza vaccine formulations for the northern hemisphere (the formulation used in El Salvador until 2010) and the southern hemisphere.
Health-care utilization survey
To estimate the denominator for our incidence calculation, we performed a health-care utilization survey to determine the size of the sentinel hospital's catchment population.
During November and December 2009, we used multistage cluster sampling to survey 1663 households in urban and rural locations in five counties of the Santa Ana Department, where 80% of case patients who had severe pneumonia and were admitted to the sentinel hospital lived during 2008 (i.e. the hospital catchment area). For both urban and rural areas, we selected a random sample of census tracts or cantons and then a random sample of households within each of these. Investigators obtained informed consent and surveyed household members to determine who had developed symptoms of and sought care for sudden-onset fever, cough or sore throat (i.e. influenza-like illness) during the preceding month. In addition, the investigators determined where ill individuals had sought care (e.g. at the sentinel hospital or another facility) and whether they were admitted to hospital for severe pneumonia during the preceding year and, if so, the hospital to which they were admitted. We assumed that the pattern of health-care services use by age group was similar every year. Page 6 of 17
Statistical analyses
The proportion of case patients who tested positive for influenza virus was highest each year from June through September (Table 2) . We also observed an increase in influenza- 
Survey findings
A total of 7683 household members (mean number of members per household: 4.6) were detected during the health-care utilization survey. Participants reported that 464 household members (6%; 95% CI: 4-7) developed influenza-like illness one month before the interview.
Of these people, 233 (50%; 95% CI: 45-55) sought medical care. During the year before the interview, 22 household members (0.3%; 95% CI: 0.2-0.4) were hospitalized with a history of influenza-like illness. Among them, 5 of 8 (63%) aged < 5 years were hospitalized at the sentinel hospital. Table 3 summarizes the data used to estimate the incidence of influenza-virus- 
Overall and annual incidence
Matching between vaccines and recovered isolates
During 2008-2010, El Salvador used influenza vaccine formulations manufactured for use in the northern hemisphere but haemagglutination inhibition testing showed that the influenza virus strains identified in the study matched antigens from both the northern and southern hemisphere formulations (Table 4 Viet Nam (9 cases per 1000 person-years).
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The incidence of influenza-virus-associated severe pneumonia requiring hospitalization is important because influenza is a vaccine-preventable infection and because respiratory illnesses are among the leading causes of death among children in lower-middleincome countries such as El Salvador. Annually, El Salvador has a considerable incidence of influenza-virus-associated pneumonia among children aged < 5 years, for whom lower respiratory tract infections are a leading cause of death. 17 An integrated approach to preventing and mitigating childhood pneumonia in El Salvador could include a program to control and prevent influenza. Our findings suggest that studies to verify whether influenza vaccine coverage is high among children and other target groups are warranted and that vaccination strategies that have been proven to achieve high coverage should be sustained. 
